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Abstract 
A full-size prototype dipole magnet has been designed, fabricated and tested for the Booster synchrotron of a new 
collider facility NICA at JINR in Dubna. The magnet is based on a cold window frame iron yoke and a curved single-
layered superconducting winding made from a hollow NbTi composite superconductor cable cooled with a forced 
two-phase helium flow at T=4.5 K. The maximal operating magnetic field in the elliptical aperture of 128 mm x 64 
mm is 1.8 T. The magnetic field ramp rate of 1.2 T/s should be achievable. The design features of the magnet 2.2 m 
long as well as the test results are presented.    
 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes. 
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1. Introduction 
The NICA/MPD project [1] started at the Joint Institute for Nuclear Research (JINR) in Dubna in 
2007. The general goal of the project is to carry out experimental studies of the hot and dense strongly 
interacting quantum chromodynamics matter. This goal is assumed to reach by: 1) upgrade of the existing 
superconducting synchrotron – the Nuclotron [2]; 2) design and construction of the facility to provide 
collider experiments with heavy ions; 3) design and construction of the Multi Purpose Detector (MPD). 
The NICA facility includes two injector chains, a new 600MeV/u superconducting Booster synchrotron, 
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the 6A·GeV superconducting synchrotron – Nuclotron, and the new superconducting Collider consisting 
of two rings each of about 503 m in circumference. It is possible to place the Booster having 211 m in 
circumference inside the yoke of the Synchrophasotron (shut down in 2002). The magnetic system of the 
Booster consists of 4 quadrants and each of them has 10 superconducting dipole magnets with a 
maximum dipole field of 1.8 T, 6 focusing and 6 defocusing lenses. 
2. Magnet design 
The Nuclotron-type design [3, 4] based on a window frame iron yoke and a saddle-shaped 
superconducting (SC) winding has been chosen for the Booster magnet. The magnet includes a cold 
(4.5K) window frame iron yoke and a SC winding made of a hollow NbTi composite superconducting 
cable cooled with a two-phase helium flow. Cross-section views of the Booster dipole magnet (left) and 
its SC cable (right) is shown in Fig. 1. The main characteristics of the cable are given in Table 1. 
Table 1. Main characteristics of the cable 
Characteristics Units Value 
Number of strands  18 
Transposition lay of strands mm 50 
SC strand diameter mm 0.78 
Superconductor  50% Nb – 50% Ti 
Cu/SC ratio  1.26/1 
Diameter of SC filaments μm 7 
Twist pitch of filaments mm 7 
Ni-Cr wire diameter mm 0.2 
Ni-Cr wire binding pitch mm 0.4 
Operating current at 1.8 T kA 9.69 
Critical current at 2.5 T and 4.7 K kA 14.2 
 
                      
(a)                                                                                                     (b) 
Fig. 1. (a) Cross-section view of the Booster dipole magnet and its SC cable (b): 1 - epoxy impregnated glass-
fiber tape; 2 – Kapton tape; 3 – Ni-Cr wire; 4 – NbTi strand; 5 – Cu-Ni tube with a channel for the two-phase helium flow. 
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A full-scale curved model dipole magnet for the NICA Booster was manufactured at the Laboratory of 
High Energy Physics (LHEP) JINR in April this year. A bent dipole with a single-layered winding [5] 
makes it possible to decrease dimensions of a magnet cross-section and AC losses in comparison with a 
straight dipole with a double-layered winding at the same aperture budget by means of the doubled 
structural current density in the winding. The use of the curved dipoles instead of the straight ones in 
circular accelerators makes it possible to reduce the horizontal size of the magnet useful aperture leading 
to less AC losses. The magnet 2.2 m long for the Booster has a radius of the curvature of about 14 m.  
3. Magnet test 
   The cooling scheme of the magnet is shown in Fig. 2. Gaseous helium flow dm/dt from the compressor 
passes through heat exchanger 8 of the satellite refrigerator 11 and is cooled by the return flux (1+O) · 
dm/dt of the helium vapor boiled in the refrigerator vessel. The Dewar vessel 9 is used to support the 
helium level inside the refrigerator. The compressed cooled flow of gaseous helium is expanded in JT-
valve and, after passing through subcooler 10, it enters magnet cryostat 1 in a single-phase (liquid) state. 
After that the helium flow is divided into two parts. One part of the flow c · dm/dt is used to cool the 
current leads. The other one (1-c) · dm/dt enters the SC-winding of the magnet after passing through the 
additional subcooler. This additional subcooler is used to compensate the heat flow to liquid helium 
because of its passing through the transfer line between the refrigerator and the magnet cryostat to keep 
the single-phase (liquid) state of the helium flow (1-c) · dm/dt at the SC-winding input end. 
   The flow (1-c) · dm/dt is passing successively through the SC-winding 3, cooling tubes of the iron yoke 
and after that it goes back to the satellite refrigerator or to the compressor via the check valve, heat 
exchanger 6 and flow meter 5. The applied flow meter (type RG-40) provides measuring of the volume 
gas flow with the accuracy of r1.6% over the dynamic range of 10-50 m3/h. The temperature sensors and 
pressure gauges are installed at the points, marked with “*”. The temperature sensors provide the absolute 
accuracy of r 0.05 K. The accuracy of the pressure measurements is not worse than 1%. 
    
 
 
Fig. 2. Flow diagram of the test facility: 1 – cryostat, 2 – tube for cooling the yoke, 3 – winding, 4 – spring rebound valve, 5 – gas 
flow meter, 6, 8 – heat exchanger, 7 – current leads, 9 – Dewar vessel, 10 – subcooler, 11 – satellite refrigerator, 12 – nitrogen 
shield, *- temperature sensors and pressure gauges. 
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Fig. 3. (a) The quench history of the Booster magnet prototype; (b) AC losses as a function of the magnetic field ramp rate while 
magnet operating in the triangular cycle. 
   The first quench occurred at 7705 A (see Fig. 4). After the 13th quench the current reaches the nominal 
value of 9690 A.  This corresponds to the magnetic field induction in the gap of 1.8 T. Further training 
was stopped because of the limitation of the power supply.   
   The measured static (at zero current) heat flow to the magnet was 5.8 W. AC losses of 12 W were 
measured by the calorimetric method while magnet operating at the triangular cycle with the magnetic 
field ramp rate 1.2 T/s without a pause. This value agrees well with the calculation and confirms the 
correct choice of steel for the magnet yoke. AC losses as function of the magnetic field ramp rate are 
shown in Fig. 4. Hydraulic resistance of the cooling channel was 2 times higher than the calculated value 
due to the fact that the cable tube has the inner diameter of 2.6 mm instead of the designed one of 3 mm.  
    Further experimental studies of the magnet are planned after modernization of the test bench. 
4. Conclusion 
A full-scale curved model dipole magnet for the NICA Booster was manufactured at LHEP JINR and 
it successfully passed the cryogenic test on the bench last spring. The nominal current of 9.7 kA was 
reached after a short training. The magnet was successfully tested in the pulsed mode with the magnetic 
field ramp rate up to 4 T/s. Further experimental studies of the magnet are scheduled for the end of 2011 
after the test facility upgrade and construction of the original cryostat for the Booster magnet. 
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